In this case study activity, students will use the Water Evaluation and Planning (WEAP) system to simulate and determine appropriate reservoir carryover storage policies in the Weber River Basin, Utah. Specifically, students will (i) enter demand and reservoir data to complete a WEAP systems model for the Weber River Basin, (ii) specify several scenarios representing different reservoir storage and release policies, (iii) simulate the effects of the different policies, and (iv) identify the resulting reservoir storages and allocation of shortages to water demand sites.
Introduction
The Weber River Basin in north-central Utah (Figure 1 ) covers an area of about 2,460 square miles in Davis, Weber, Morgan Counties, and a portion of Summit County (Figure 1 ). The Weber River has several major tributaries, including Beaver Creek, Chalk Creek, Lost Creek, East Canyon Creek and the Ogden River. The Basin has seven on-stream reservoirs (Smith & Morehouse, Wanship, Echo, Lost Creek, East Canyon, Causey, Pineview) and one off-stream reservoir (Willard) which supply major population centers such as the city of Ogden and irrigated lands along the Wasatch Front. Agriculture currently consumes about 69 percent of the developed supply while municipal and industrial uses consume the remaining 31 percent (Utah Division of Water Resources, 2009 ). There are some senior water right holders in the basin who use water for irrigation. Currently, most Weber Basin water is managed by Weber Basin Water Conservancy District (WBWCD), and the total capacity of all the reservoirs is such that once full, the reservoirs can meet all current WBWCD demands for about two years without additional inflow. However, rising urban demands and reduced and altered timings of future runoff necessitate exploring alternative reservoir operations to reduce shortages in the future. The Utah Division of Water Resources (UDWR) developed a FORTRAN model to simulate the monthly historical water allocation within the basin.
The UDWR model (Figure 2 ) includes the eight reservoirs and 20 service areas (of which two, Service Areas 1 and 7, have zero demand for the simulation period), and is the basis for the WEAP simulation model. A service area is a group of canals or diversions that serve agricultural or urban users and is alternatively refered to as a "demand site" in WEAP. The UDWR model allocates water among service areas based on priorities (Table 1) , with certain additional rules such as protected storage rights in reservoirs for senior users. For example, the UDWR model gives Service Area 11 protected storage rights of 28,800 and 31,000 acre-foot/year in East Canyon and Echo Reservoirs, respectively. Similarly, Service Areas 13 and 14 have a protected storage of 44,000 acre-foot/year in Pineview Reservoir. These rules regarding protected storage rights are not included in the WEAP model. The WEAP system is a software package for planning and managing water supply developed by the Stockholm Environemntal Institute in 1988. It operates on the basic principle of mass-balance, and allocates water based on the priorities specified for the system components such as the demand sites, reservoirs, environmental flows (SEI, 2007) . WEAP has been used in numerous water resources studies throughout the world, including the Aral Sea (Raskin et al., 1992) ; Upper Chattahoochee River Basin, Georgia (Johnson, 1994) ; South Africa (Levite et al., 2003) ; Sacramento River, California (Purkey et al., 2008); Austin, Texas; Portland, Oregon; and Philadelphia, Pennsylvania (Huber-Lee et al., 2005) . In this activity, you will use WEAP to represent demand priorities, reservoir storage, and release operations in the Weber River Basin in Utah (Tesfatsion, 2011) .
WEAP partitions reservoir storage into zones (Figure 3 ). The Flood Zone is reserved to capture flood flows, while the Conservation Zone defines water storage to meet the full delivery requirements of urban, agricultural, hydropower, or other demand sites that draw from the reservoir. Should reservoir storage drop into the Buffer Zone, water deliveries are cut back below the full delivery amount. This cutback amount is specified by the buffer coefficient which determines the fraction of water in the buffer zone to be released. Users can enter the reservoir zone levels and buffer coefficient in WEAP to create model scenarios representing different reservoir storage and release operations and simulate the associated results such as deliveries to and shortages at demand sites (SEI, 2007) .
In the activity below, you will complete a WEAP systems model for the Weber River Basin and specify several scenarios representing different reservoir storage and release policies. You will then simulate the effects of the different policies and evaluate tradeoffs in the resulting reservoir storages and allocation shortages to demand sites. 
Activity
Below are the steps to follow to complete the activity. 
